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0DJGDOHQD�:DOLFND��'HSDUWPHQW�RI�+XPDQ�(SLJHQHWLFV��0RVVDNRZVNL�0HGLFDO�5HVHDUFK�
,QVWLWXWH��3ROLVK�$FDGHP\�RI�6FLHQFHV��:DUVDZ���������3RODQG

0DJGDOHQD�:DOLFND���'HSDUWPHQW�RI�,QWHUQDO�'LVHDVHV��(QGRFULQRORJ\�DQG�'LDEHWRORJ\��&HQWUDO�
&OLQLFDO�+RVSLWDO�RI�WKH�0LQLVWU\�RI�,QWHULRU�DQG�$GPLQLVWUDWLRQ�LQ�:DUVDZ��:DUVDZ���������
3RODQG

0DJGDOHQD�:DOLFND��5LFFDUGR�3RORVD��'HSDUWPHQW�RI�&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH��
8QLYHUVLW\�RI�&DWDQLD��&DWDQLD��������,WDO\

&ULVWLQD�5XVVR��0LFKDHO�%D[WHU��,VDDF�-RKQ��$VKIRUG�DQG�6DLQW�3HWHU
V�+RVSLWDOV�1+6�)RXQGDWLRQ�
7UXVW��&KHUWVH\�.7����3=��8QLWHG�.LQJGRP

*UD]LD�&DFL��'HSDUWPHQW�RI�&OLQLFDO� DQG�([SHULPHQWDO�0HGLFLQH��8QLYHUVLW\�RI�0HVVLQD��
0HVVLQD��������,WDO\

5LFFDUGR�3RORVD��&HQWHU�RI�([FHOOHQFH�IRU�7KH�$FFHOHUDWLRQ�RI�+$UP�5HGXFWLRQ��&R(+$5���
8QLYHUVLW\�RI�&DWDQLD��&DWDLD��������,WDO\

5LFFDUGR�3RORVD��&HQWUH�IRU�7KH�3UHYHQWLRQ�DQG�7UHDWPHQW�RI�7REDFFR�$GGLFWLRQ��&3&7���
7HDFKLQJ�+RVSLWDO��3ROLFOLQLFR�9��(PDQXHOH���&DWDQLD��������,WDO\

5LFFDUGR�3RORVD��(&/$7�6UO��6SLQ�RII�RI�WKH�8QLYHUVLW\�RI�&DWDQLD��&DWDQLD��������,WDO\

&RUUHVSRQGLQJ�DXWKRU��0DJGDOHQD�:DOLFND��0'��3K'��'HSDUWPHQW�RI�+XPDQ�(SLJHQHWLFV��
0RVVDNRZVNL�0HGLFDO�5HVHDUFK�,QVWLWXWH��3ROLVK�$FDGHP\�RI�6FLHQFHV��$GROID�3DZLĔVNLHJR����
:DUVDZ���������3RODQG��PBZDOLFND#ZS�SO

$EVWUDFW
7KH�SXUSRVH�RI�WKLV�VFRSLQJ�UHYLHZ�LV�WR�FUHDWH�D�VLQJOH�QDUUDWLYH�WKDW�GHVFULEHV�WKH�
LPSDFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�PHWDEROLF�SDUDPHWHUV�LQ�SHRSOH�ZLWK�GLDEHWHV��,W�LV�
JHQHUDOO\�ZHOO�DFFHSWHG�WKDW�VPRNLQJ�HQKDQFHV�WKH�KDUPIXO�HIIHFWV�RI�HOHYDWHG�
EORRG�JOXFRVH� OHYHOV��DFFHOHUDWLQJ� WKH�YDVFXODU�GDPDJH�VHHQ� LQ�SDWLHQWV�ZLWK�
GLDEHWHV��6PRNLQJ�FHVVDWLRQ�KDV�FOHDU�EHQHILWV�LQ�WHUPV�RI�UHGXFLQJ�FDUGLRYDVFXODU�
PRUELGLW\� DQG�PRUWDOLW\��+RZHYHU�� WKHUH� LV� OHVV� HYLGHQFH� IRU� WKH� LPSDFW� RI�
VPRNLQJ�FHVVDWLRQ�RQ�RWKHU�GLDEHWHV�UHODWHG�FRPSOLFDWLRQV��6WXGLHV�LQ�SHRSOH�ZLWK�
GLDEHWHV�KDYH�VKRZQ�LPSURYHPHQW�DV�ZHOO�DV�WHPSRUDU\�GHWHULRUDWLRQ�LQ�JO\FHPLF�
FRQWURO�DIWHU�FHDVLQJ�VPRNLQJ��2QO\�D�IHZ�VWXGLHV�KDYH�GHVFULEHG�WKH�HIIHFW�RI�
TXLWWLQJ� VPRNLQJ�RQ� LQVXOLQ� UHVLVWDQFH�DQG� OLSLG�SDUDPHWHUV��KRZHYHU�� WKHLU�
UHVXOWV�KDYH�EHHQ�LQFRQFOXVLYH��,Q�WKLV�VLWXDWLRQ��KHDOWKFDUH�SURIHVVLRQDOV�VKRXOG�
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QRW�DVVXPH�WKDW�FHVVDWLRQ�RI�VPRNLQJ�ZLOO�LPSURYH�PHWDEROLF�SDUDPHWHUV�LQ�SDWLHQWV�ZLWK�GLDEHWHV��
,W�VHHPV�WKH\�VKRXOG��ILUVW�RI�DOO��HPSKDVL]H�WKH�SUHYHQWLRQ�RI�ZHLJKW�JDLQ�WKDW�PD\�EH�DVVRFLDWHG�
ZLWK�TXLWWLQJ�VPRNLQJ��7KH�ODFN�RI�GDWD�UHJDUGLQJ�WKH�PHWDEROLF�HIIHFWV�RI�VPRNLQJ�DQG�VPRNLQJ�
FHVVDWLRQ�LQ�GLDEHWHV�LV�YHU\�GLVDSSRLQWLQJ�DQG�WKLV�DUHD�QHHGV�WR�EH�DGGUHVVHG�

.H\�:RUGV��6PRNLQJ��6PRNLQJ�FHVVDWLRQ��'LDEHWHV��,QVXOLQ�UHVLVWDQFH��*OXFRVH��/LSLGV

�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��5HVXOWV�RI�WKH�VWXGLHV�UHJDUGLQJ�WKH�LPSDFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�PHWDEROLF�SDUDPHWHUV�LQ�
SDWLHQWV�ZLWK�GLDEHWHV�DUH� LQFRQVLVWHQW��+HDOWKFDUH�SURIHVVLRQDOV� VKRXOG�QRW� DVVXPH� WKDW�PHWDEROLF�
SDUDPHWHUV�LQ�SDWLHQWV�ZLWK�GLDEHWHV�ZKR�VWRS�VPRNLQJ�ZLOO�LPSURYH��,W�VHHPV�WKDW�WKH�WRS�SULRULW\�DIWHU�
VPRNLQJ�FHVVDWLRQ�VKRXOG�EH�WKH�SUHYHQWLRQ�RI�ZHLJKW�JDLQ��)XUWKHU�VWXGLHV�RI�WKH�HIIHFWV�RI�TXLWWLQJ�
VPRNLQJ�RQ�PHWDEROLF�SDUDPHWHUV�DPRQJ�SHRSOH�ZLWK�GLDEHWHV�DUH�UHTXLUHG�WR�SURYLGH�DQ�HYLGHQFH�EDVH�IRU�
KHDOWKFDUH�DGYLFH�WR�PDQDJHG�SDWLHQWV�DQG�WR�DVVLVW�KHDOWKFDUH�SURYLGHUV�WR�LPSOHPHQW�WKH�PRVW�HIIHFWLYH�
LQWHUYHQWLRQV�

&LWDWLRQ��:DOLFND�0��5XVVR�&��%D[WHU�0��-RKQ�,��&DFL�*��3RORVD�5��,PSDFW�RI�VWRSSLQJ�VPRNLQJ�RQ�PHWDEROLF�
SDUDPHWHUV�LQ�GLDEHWHV�PHOOLWXV��$�VFRSLQJ�UHYLHZ��:RUOG�-�'LDEHWHV���������������������
85/��KWWSV���ZZZ�ZMJQHW�FRP�����������IXOO�Y���L������KWP
'2,��KWWSV���G[�GRL�RUJ���������ZMG�Y���L�����

,1752'8&7,21
$SSUR[LPDWHO\�����ELOOLRQ�SHRSOH�ZRUOGZLGH�XVH� WREDFFR��PRVW�FRPPRQO\� LQ� WKH� IRUP�RI� WREDFFR�
VPRNLQJ��DQG�PRUH�WKDQ���PLOOLRQ�SHRSOH�GLH�HYHU\�\HDU�DV�D�UHVXOW�RI�VPRNLQJ�UHODWHG�FRQGLWLRQV>���@��
6PRNLQJ�LV�WKH�PDLQ�FDXVH�RI�OXQJ�FDQFHU��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��DQG�FDUGLRYDVFXODU�
GLVHDVH>���@�
([SRVXUH� WR�FLJDUHWWH� VPRNH� LV�DVVRFLDWHG�ZLWK�YDVFXODU�GDPDJH��HQGRWKHOLDO�G\VIXQFWLRQ��DQG�

DFWLYDWLRQ�RI�R[LGDWLYH�VWUHVV�� LQIODPPDWRU\�SDWKZD\V��FRDJXODWLRQ��DQG�ILEULQRO\VLV>���@��$�VLPLODU�
PHFKDQLVP�RI� HQGRWKHOLDO� G\VIXQFWLRQ� LV� GHVFULEHG� IRU�SHRSOH�ZLWK�GLDEHWHV�� ,W� LV� WKHUHIRUH�QRW�
VXUSULVLQJ� WKDW�VPRNLQJ�HQKDQFHV� WKH�FRPELQHG�KDUPIXO�HIIHFWV�RI�HOHYDWHG�EORRG�JOXFRVH� OHYHOV��
DFFHOHUDWLQJ�YDVFXODU�GDPDJH�LQ�GLDEHWLF�SDWLHQWV�ZKR�VPRNH>���@�
6PRNHUV�ZLWK�GLDEHWHV�>ERWK�W\SH���GLDEHWHV��7�'��DQG�W\SH���GLDEHWHV��7�'�@�PD\�EH�DW�D�KLJKHU�ULVN�

GXH�WR�WKH�GLUHFW�HIIHFW�RI�YDVFXODU�GDPDJH�DV�ZHOO�DV�WKH�LQGLUHFW�DGYHUVH�HIIHFW�WKDW�VPRNLQJ�KDV�RQ�
JO\FHPLF�FRQWURO�DQG�OLSLG�OHYHOV>�@�
7KH�ULVN�RI�FDUGLRYDVFXODU�HYHQWV�LQ�GLDEHWLF�SDWLHQWV�LV�UHGXFHG�ZLWK�VPRNLQJ�FHVVDWLRQ>��@��,Q�WKH�

$FWLRQ�LQ�'LDEHWHV�DQG�9DVFXODU�'LVHDVH��3UHWHUD[�DQG�'LDPLFURQ�05�&RQWUROOHG�(YDOXDWLRQ�VWXG\��
VPRNLQJ�FHVVDWLRQ�LQ�WKRVH�ZLWK�GLDEHWHV�ZDV�DVVRFLDWHG�ZLWK�D�����UHGXFWLRQ�LQ�DOO�FDXVH�PRUWDOLW\
>��@��$�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�SUHGLFWHG�FRURQDU\�KHDUW�GLVHDVH��&+'��DPRQJ�FXUUHQW�DQG�H[�
VPRNHUV�ZKR�KDG�7�'�LQ�6SDLQ�IRXQG�WKDW�H[�VPRNHUV�KDG�DSSUR[LPDWHO\�����ORZHU�&+'�ULVN�DW����
\HDUV�FRPSDUHG�WR�FXUUHQW�VPRNHUV>��@�
$OWKRXJK�WKHUH�LV�HYLGHQFH�WKDW�SDWLHQWV�ZLWK�GLDEHWHV�FDQ�UHGXFH�WKH�ULVN�RI�PDFURYDVFXODU�FRPSOLF�

DWLRQV�E\�JLYLQJ�XS�VPRNLQJ��WKHUH�LV�QR�FRQFOXVLYH�HYLGHQFH�IRU�WKH�LPSDFW�RQ�WKH�ULVN�RI�PLFURYDVFXODU�
FRPSOLFDWLRQV>�������@��7KH�LPSDFW�RI�TXLWWLQJ�VPRNLQJ�RQ�PLFURYDVFXODU�FRPSOLFDWLRQV�RI�GLDEHWHV�DQG�
LWV�PHWDEROLF�LQGLFHV�LV�XQFOHDU��)XUWKHUPRUH��VWRSSLQJ�VPRNLQJ�LV�NQRZQ�WR�FDXVH�ZHLJKW�JDLQ�ZKLFK�LQ�
WXUQ�PD\�KDYH�XQSUHGLFWDEOH�PHWDEROLF�HIIHFW�LQ�SDWLHQWV�ZLWK�GLDEHWHV�
7R�WKH�EHVW�RI�RXU�NQRZOHGJH��WKHUH�KDYH�EHHQ�QR�SXEOLVKHG�V\VWHPDWLF�UHYLHZV�WR�TXDQWLI\�WKH�KHDOWK�

EHQHILWV�RI�VPRNLQJ�FHVVDWLRQ�LQ�WKH�GLDEHWHV�SRSXODWLRQ�WR�GDWH��7KH�SXUSRVH�RI�WKLV�VFRSLQJ�UHYLHZ�LV�
WR�FUHDWH�D�VLQJOH�QDUUDWLYH�GHVFULELQJ�WKH�LPSDFW�RI�VPRNLQJ�FHVVDWLRQ�LQ�SHRSOH�ZLWK�GLDEHWHV�RQ�
JO\FHPLF�FRQWURO��LQVXOLQ�UHVLVWDQFH�DQG�LQVXOLQ�VHFUHWLRQ��DQG�OLSLG�DEQRUPDOLWLHV�DV�ZHOO�DV�ELRFKHPLFDO�
SDUDPHWHUV�RI�QHSKURSDWK\�

6($5&+�0(7+2'6
7KH�SXEOLVKHG�OLWHUDWXUH�RQ�WKH�LPSDFW�RI�VWRSSLQJ�VPRNLQJ�RQ�PHWDEROLF�LQGLFHV��LQFOXGLQJ�JO\FHPLF�
FRQWURO�� LQVXOLQ�UHVLVWDQFH��DQG�OLSLG�DEQRUPDOLWLHV�ZDV�V\VWHPDWLFDOO\�UHYLHZHG�LQ�6HSWHPEHU�DQG�
2FWREHU�������7KH�VWXGLHV�RQ�ELRFKHPLFDO�SDUDPHWHUV�RI�QHSKURSDWK\�ZHUH�DOVR�LQFOXGHG��7KH�OLWHUDWXUH�
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VHDUFK�ZDV�FRQGXFWHG�XVLQJ�WKH�IROORZLQJ�GDWDEDVHV��3XE0HG��(PEDVH��6FLHQFH'LUHFW�OLEUDU\��'DWDEDVH�
RI�$EVWUDFWV�RI�5HYLHZV�RI�(IIHFWV��6FRSXV��DQG�*RRJOH�6FKRODU��XVLQJ�PHGLFDO�VXEMHFW�KHDGLQJV��:H�DOVR�
XVHG�DQ�DUWLILFLDO�LQWHOOLJHQFH�WHFKQRORJ\�EDVHG�RSHQ�PXOWLGLVFLSOLQDU\�FLWDWLRQ�DQDO\VLV�GDWDEDVH�QDPHG�
5HIHUHQFH�&LWDWLRQ�$QDO\VLV��6HDUFK�TXHULHV�ZHUH�GHYHORSHG�E\�D� WUDLQHG�OLEUDULDQ�H[SHULHQFHG�LQ�
GHYHORSLQJ�VHDUFK�VWUDWHJLHV�IRU�UHYLHZV�DQG�ZHUH�EDVHG�RQ�GLDEHWHV��VPRNLQJ�FHVVDWLRQ��IDVWLQJ�SODVPD�
JOXFRVH� �)3*�� OHYHOV��KHPRJORELQ�$�F� �+E$�F��� LQVXOLQ� UHVLVWDQFH�� LQVXOLQ� VHFUHWLRQ�� OLSLGV� >WRWDO�
FKROHVWHURO�� KLJK�GHQVLW\� OLSRSURWHLQ� �+'/��� ORZ�GHQVLW\� OLSRSURWHLQ� �/'/��� YHU\� ORZ�GHQVLW\�
OLSRSURWHLQV��9/'/�@��PLFURDOEXPLQXULD��FUHDWLQLQH��0RUH�VSHFLILFDOO\��VHDUFK�WHUPV�LQFOXGHG��´VPRNLQJ�
FHVVDWLRQµ� 25� ´IRUPHU� VPRNHUVµ� 25� ´H[�VPRNHUVµ� 25� ´VWRS� VPRNLQJµ� 25� ´TXLWWLQJµ�� $1'�
�´GLDEHWHVµ��$1'��´JOXFRVHµ�25�´JO\FHPL
µ�25�´+E$�Fµ�25�´LQVXOLQ�UHVLVWDQFHµ�25�´+20$µ�25�
´LQVXOLQ�VHFUHWLRQµ�25�´WRWDO�FKROHVWHUROµ�25�´+'/µ�25�´/'/µ�25�´9/'/µ�25�´PLFURDOEXPLQXULDµ�
25�´DOEXPLQXULDµ�25�´FUHDWLQLQHµ�25�´*)5µ���6HDUFK�UHVXOWV�ZHUH�ILOWHUHG�WR�LQFOXGH�RQO\�KXPDQ�
VWXGLHV�DQG�SXEOLVKHG�IURP�������7KH�WLWOHV��DEVWUDFWV��DQG�IXOO�WH[WV�RI�WKH�VHDUFK�UHVXOWV�ZHUH�VHTXHQ�
WLDOO\� DQG� LQGHSHQGHQWO\� VFUHHQHG�E\�0:�DQG�*&� IRU� LQFOXVLRQ��$� IHZ�VWXGLHV�ZHUH� LGHQWLILHG��
LQFOXGLQJ�FURVV�VHFWLRQDO��FDVH�FRQWURO��DQG�FRKRUW�VWXGLHV��UDQGRPL]HG�FOLQLFDO�WULDOV��DQG�REVHUYDWLRQDO�
FOLQLFDO�VWXGLHV��DV�ZHOO�DV�V\VWHPDWLF�UHYLHZV�DQG�PHWD�DQDO\VHV��7KH�UHIHUHQFHV�RI�UHOHYDQW�VWXGLHV�ZHUH�
DOVR�PDQXDOO\�UHYLHZHG�IRU�DGGLWLRQDO�HOLJLEOH�FLWDWLRQV�

602.,1*�&(66$7,21�$1'�,1&,'(1&(�2)�',$%(7(6
$FFRUGLQJ�WR�D�PHWD�DQDO\VLV�FRQGXFWHG�E\�3DQ�HW�DO>��@��UHFHQW�TXLWWHUV�DUH�DW�KLJKHU�ULVN�IRU�GHYHORSLQJ�
GLDEHWHV��DOWKRXJK�WKLV�ULVN�SURJUHVVLYHO\�GHFOLQHV�ZLWK�WLPH>��@�
,W�LV�RIWHQ�IRXQG�WKDW�JLYLQJ�XS�VPRNLQJ�OHDGV�WR�D�VLJQLILFDQW�LQFUHDVH�LQ�ZHLJKW>�����@��$FFRUGLQJ�WR�

D�ODUJH�SURVSHFWLYH�8QLWHG�.LQJGRP�VWXG\��VPRNLQJ�DEVWHQDQFH�ZDV�DVVRFLDWHG�ZLWK�DQ�DYHUDJH�ZHLJKW�
JDLQ� RI� ����� NJ� DW� HLJKW� \HDUV��ZKLOH� FRQWLQXLQJ� VPRNHUV� JDLQHG�RQO\� ����� NJ>��@��7KLV� KDV� EHHQ�
FRQILUPHG�LQ�D�PHWD�DQDO\VLV�VKRZLQJ�WKDW�TXLWWLQJ�VPRNLQJ�LV�DVVRFLDWHG�ZLWK�D�ERG\ZHLJKW�JDLQ�RI�����
NJ�DIWHU����PR�RI�DEVWLQHQFH��ZLWK�PRVW�RI�WKH�ZHLJKW�JDLQ�RFFXUULQJ�EHWZHHQ�WKH�WKLUG�DQG�WKH�VL[WK�
PRQWK�DIWHU�TXLWWLQJ>��@��$V�QLFRWLQH��LQ�WREDFFR�FLJDUHWWHV��VXSSUHVVHV�DSSHWLWH�DQG�LQFUHDVHV�UHVWLQJ�
PHWDEROLF�UDWH>��@��SHRSOH�ZKR�VWRS�VPRNLQJ�JDLQ�ZHLJKW�EHFDXVH�WKH\�KDYH�GLPLQLVKHG�UHVWLQJ�HQHUJ\�
H[SHQGLWXUH� DQG� LQFUHDVHG�DSSHWLWH��0RUHRYHU�� TXLWWHUV�RIWHQ� VXEVWLWXWH� VPRNLQJ�ZLWK� H[FHVVLYH�
HDWLQJ�VQDFNLQJ��DV�VKRZQ�LQ�VHYHUDO�VWXGLHV�RI�HDWLQJ�EHKDYLRUV>��@�
,W�LV�OLNHO\�WKDW�WKH�ZHLJKW�JDLQ�DVVRFLDWHG�ZLWK�VWRSSLQJ�VPRNLQJ�LV�UHVSRQVLEOH�IRU�WKH�LQLWLDO�LQFUHDVH�

LQ�ULVN�RI�GHYHORSLQJ�7�'��7KH�LQFUHDVH�LQ�WKH�ULVN�RI�7�'�DIWHU�TXLWWLQJ�ZDV�GLUHFWO\�SURSRUWLRQDO�WR�
ZHLJKW�JDLQ��EXW�QRW�LQFUHDVHG�DPRQJ�TXLWWHUV�ZLWKRXW�ZHLJKW�JDLQ>��@�

602.,1*�&(66$7,21�$1'�*/<&$(0,&�&21752/
3DWLHQWV�ZLWK�GLDEHWHV�FDQ�EHFRPH�PRUH�LQVXOLQ�UHVLVWDQW�ZLWK�ZRUVHQLQJ�JO\FHPLF�FRQWURO�ZKHQ�WKH\�
JDLQ�ZHLJKW��3DQL�HW�DO>��@��H[DPLQLQJ�WKH�SUHGLFWRUV�RI�GLDEHWHV�SURJUHVVLRQ��GHILQHG�DV�+E$�Fó����RU�
WKH�LQLWLDWLRQ�RI�K\SRJO\FHPLF�WKHUDS\���IRXQG�WKDW�ZHLJKW�JDLQ�ZDV�DQ�LQGHSHQGHQW�SUHGLFWRU��(DFK�
H[WUD�SRXQG�RI�ZHLJKW�WKDW�LV�JDLQHG�LQFUHDVHV�WKH�ULVN�RI�GHYHORSLQJ�GLDEHWHV�E\����
,Q�SDWLHQWV�ZLWK�GLDEHWHV��TXLWWLQJ�VPRNLQJ�PD\�FDXVH�LQFUHDVHG�DSSHWLWH��FDORULF�LQWDNH��DQG�ZHLJKW�

JDLQ��ZKLFK�ZRXOG�SUHGLFWDEO\�OHDG�WR�WKH�ZRUVHQLQJ�RI�JO\FHPLF�FRQWURO��,Q�FRQWUDVW��VWRSSLQJ�VPRNLQJ�
DSSHDUV�WR�KDYH�D�EHQHILFLDO�HIIHFW�RQ�FDUERK\GUDWH�PHWDEROLVP�LQ�WKH�ORQJ�UXQ�ZKLFK�PD\�SRWHQWLDOO\�
PLWLJDWH�WKH�LQLWLDO�DGYHUVH�PHWDEROLF�HIIHFWV�RI�VPRNLQJ�FHVVDWLRQ>��@�
&RQVLGHULQJ�WKH�FRPSOH[�LQWHUSOD\�DPRQJ�IDFWRUV�WKDW�DIIHFW�JO\FHPLF�FRQWURO��VRPH�XQFHUWDLQW\�LQ�WKH�

ILQGLQJV�RI�VWXGLHV� WKDW� LQYHVWLJDWH� WKH� LPSDFW�RI�VWRSSLQJ�VPRNLQJ�RQ�JO\FHPLF�FRQWURO�PLJKW�EH�
DQWLFLSDWHG��6WXGLHV�FRPSDULQJ�VPRNHUV�WR�H[�VPRNHUV��ERWK�ZLWK�7�'�DQG�7�'��GHPRQVWUDWHG�WKDW�
DFWLYH�VPRNLQJ�LV�DVVRFLDWHG�ZLWK�ZRUVH�JO\FHPLF�FRQWURO��,Q�WKH�VWXG\�RI�'LQDUGR�HW�DO>��@�FXUUHQW�
VPRNHUV��ZLWK�DQ�DYHUDJH�VPRNLQJ�KLVWRU\�RI����\HDUV��DQ�DYHUDJH�GDLO\�KDELW�RI�RQH�SDFN�RI�FLJDUHWWHV�
SHU�GD\��KDG�KLJKHU�PHDQ�+E$�F�LQ�FRPSDULVRQ�ZLWK�IRUPHU�VPRNHUV��,Q�WKH�PXOWLSOH�OLQHDU�UHJUHVVLRQ�
DQDO\VLV��FXUUHQW�VPRNLQJ�ZDV�LQGHSHQGHQWO\�DQG�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KLJKHU�+E$�F��%UDIIHWW�HW�
DO>��@��XVLQJ�WKH�GDWD�RI�D�ZHOO�FKDUDFWHUL]HG�FRKRUW�JURXS�ZLWK�7�'�IURP�WKH�'LDEHWHV�&RQWURO�DQG�
&RPSOLFDWLRQV� 7ULDO� ������������� VKRZHG� WKDW� LQ� FRPSDULVRQ� WR� IRUPHU� VPRNHUV� �VXEMHFWV�ZKR�
SUHYLRXVO\�VPRNHG�EXW�TXLW�!���PR�SULRU�WR�EDVHOLQH���FXUUHQW�VPRNHUV��VXEMHFWV�ZKR�FXUUHQWO\�VPRNHG�
RU�TXLW�����PR�SULRU�WR�EDVHOLQH��KDG�KLJKHU�PHDQ�+E$�F�OHYHOV��DYHUDJH�GLIIHUHQFH�RI��������RYHU�DQ�
DYHUDJH�RI�����\HDUV�RI�IROORZ�XS��7KH�PHDQ�+E$�F�OHYHOV�IRU�IRUPHU�VPRNHUV�ZHUH�VLPLODU�WR�WKRVH�RI�
ZKRP�KDYH�QHYHU�VPRNHG��,Q�UHODWLRQ�WR�QRW�RQO\�WKH�FXUUHQW�VPRNLQJ�VWDWXV�EXW�DOVR�WR�LWV�OLIHWLPH�
LQWHQVLW\�DQG�GXUDWLRQ��WKH�PHDQ�+E$�F�OHYHOV�ZHUH�KLJKHU��DYHUDJH�GLIIHUHQFH��������IRU�FXUUHQW�
VPRNHUV�ZLWK�PRUH�WKDQ����SDFN�\HDUV�LQ�FRPSDULVRQ�WR�IRUPHU�VPRNHUV�ZLWK�OHVV�WKDQ����SDFN�\HDUV�
,Q�DQ�REVHUYDWLRQDO�VWXG\�RI�������DGXOW�VPRNHUV�ZLWK�7�'������RI�SDWLHQWV�ZKR�KDG�TXLW�VPRNLQJ�

DQG�UHPDLQHG�DEVWLQHQW�IRU�DW�OHDVW���\HDU�UHYHDOHG�DQ�LQFUHDVH�LQ�+E$�F�RI�������ZLWK�WKH�QHHG�WR�
LQWHQVLI\�JOXFRVH�ORZHULQJ�WUHDWPHQW>��@��,Q�IXUWKHU�REVHUYDWLRQ��+E$�F�OHYHO�GHFUHDVHG�DV�DEVWLQHQFH�
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FRQWLQXHG��DQG�EHFDPH�FRPSDUDEOH�WR�WKLV�LQ�SHRSOH�ZKR�FRQWLQXHG�WR�VPRNH�DIWHU�D���\HDU�IROORZ�XS��
3DWLHQWV�ZKR�VWRSSHG�VPRNLQJ�JDLQHG�ZHLJKW�������NJ�RQ�DYHUDJH���EXW�WKH�UHVXOWV�VXJJHVWHG�WKDW�WKH�
FKDQJH�LQ�ZHLJKW�ZDV�QRW�GLUHFWO\�UHODWHG�WR�WKH�LQFUHDVH�LQ�+E$�F�
,Q�$VLDWLF�SDWLHQWV�TXLWWLQJ�VPRNLQJ�LV�JHQHUDOO\�DVVRFLDWHG�ZLWK�DQ�LPSURYHPHQW�LQ�JO\FHPLF�FRQWURO��

,Q�D�VWXG\�RI������PDOH�-DSDQHVH�SDWLHQWV�ZLWK�7�'��+E$�F�GHFUHDVHG�OLQHDUO\�ZLWK�WKH�\HDUV�DIWHU�
VWRSSLQJ�VPRNLQJ��KRZHYHU�� WKHUH�ZDV�QR�FRUUHODWLRQ�ZLWK�)3*>��@��6LPLODUO\�� LQ�D� VWXG\�RI������
&KLQHVH�PHQ�ZLWK�7�'��WKH�+E$�F�OHYHO�GHFUHDVHG�SURJUHVVLYHO\�ZLWK�HDFK�\HDU�WKDW�WKH�SDWLHQWV�KDG�
VWRSSHG�VPRNLQJ�� LQ� WKLV�VWXG\��)3*�OHYHOV�GHFUHDVHG>��@��,Q�D�VPDOOHU�UHWURVSHFWLYH�FRKRUW�VWXG\�
FRPSULVLQJ�����7DLZDQHVH�SDWLHQWV�ZLWK�7�'��WKH�JURXS�FRPSOHWLQJ�WKH�VPRNLQJ�FHVVDWLRQ�SURJUDP�
VKRZHG�D�VLJQLILFDQW�GHFUHDVH�LQ�)3*�DQG�+E$�F�OHYHOV�DW���PR�IROORZ�XS�FRPSDUHG�WR�EDVHOLQH��'XH�WR�
WKH�IDFW�WKDW�WKH�DQDO\VHV�RI�FDUGLRPHWDEROLF�IDFWRUV�ZHUH�FDUULHG�RXW�EHIRUH�DQG�DIWHU�SDUWLFLSDWLRQ�LQ�WKH�
VPRNLQJ�FHVVDWLRQ�SURJUDP�LQ�WKH�ZKROH�JURXS��UHJDUGOHVV�RI�WKH�RXWFRPH�RI�WKH�VPRNLQJ�FHVVDWLRQ�
SURJUDP���LW�LV�GLIILFXOW�WR�LQWHUSUHW�WKHVH�UHVXOWV>��@�
,Q�FRQWUDVW��WKHUH�DUH�D�QXPEHU�RI�VWXGLHV�RQ�$VLDQ�SDWLHQWV�IDLOLQJ�WR�VKRZ�LPSURYHPHQW�LQ�JO\FHPLF�

FRQWURO�DIWHU�VWRSSLQJ�VPRNLQJ��,Q�D�UDQGRPL]HG�FRQWUROOHG�WULDO�FRQGXFWHG�LQ�&KLQD��UHVXOWV�RI�TXLWWLQJ�
VPRNLQJ�GLG�QRW�DIIHFW�+E$�F�OHYHOV�DW���\HDU�IROORZ�XS��7KH�VWXG\�LQFOXGHG�����VPRNHUV�ZLWK�7�'>��@�
,Q�WKH�PHWD�DQDO\VLV�SXEOLVKHG�E\�.DU�HW�DO>��@�WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�

+E$�F�EHWZHHQ�VPRNHUV�DQG�TXLWWHUV��+RZHYHU��ZKHQ�WKH�PHWD�DQDO\VLV�ZDV�UHDQDO\]HG�LQFOXGLQJ�
VWXGLHV� FRPSDULQJ� QRQVPRNHUV� DQG� DFWLYH� VPRNHUV�� D� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� ZDV�
GHPRQVWUDWHG�DQG�WKLV�ZDV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�VPRNLQJ�GXUDWLRQ��LQFUHDVLQJ�DV�WKH�\HDUV�RI�
VPRNLQJ�LQFUHDVHG�
$�VXPPDU\�RI�WKH�VWXGLHV�HYDOXDWLQJ�VPRNLQJ�FHVVDWLRQ
V�HIIHFW�RQ�+E$�F�LV�VKRZQ�LQ�7DEOH����7KH�

WDEOH�DOVR�LQFOXGHV�+E$�F�GDWD�IURP�VWXGLHV�RI�VPRNHUV�ZLWK�GLDEHWLF�QHSKURSDWK\�

602.,1*�&(66$7,21�$1'�,168/,1�5(6,67$1&(�$1'�,168/,1�6(&5(7,21
7KH�SDWKRJHQLF�PHFKDQLVPV�XQGHUO\LQJ�7�'�DUH�D�EDODQFH�EHWZHHQ�LQVXOLQ�UHVLVWDQFH�DQG�EHWD�FHOO�
G\VIXQFWLRQ��6PRNLQJ�KDV�EHHQ�VKRZQ�WR�LQIOXHQFH�ERWK�LQVXOLQ�UHVLVWDQFH�DQG�LQVXOLQ�VHFUHWLRQ��6WXGLHV�
RQ�DQLPDOV�KDYH�VKRZQ�WKDW�FLJDUHWWH�VPRNH�FDQ�LPSDLU�LQVXOLQ�SURGXFWLRQ�DQG�VHFUHWLRQ�LQ�DGGLWLRQ�WR�
UHGXFLQJ�EHWD�FHOO�YLDELOLW\�DQG�SUROLIHUDWLRQ>��@�
7KHUH�KDV�DOVR�EHHQ�VSHFXODWLRQ� WKDW�QLFRWLQH� LQ� WREDFFR�VPRNH�FRXOG�SOD\�D�VLJQLILFDQW�UROH� LQ�

SURPRWLQJ�LQVXOLQ�UHVLVWDQFH��$OWKRXJK�FKURQLF�H[SRVXUH�WR�QLFRWLQH�PD\�EH�QHFHVVDU\�WR�LPSDFW�LQVXOLQ�
VHQVLWLYLW\�LQ�QLFRWLQH�QDLYH�VXEMHFWV��DFXWH�H[SRVXUH�WR�QLFRWLQH�FDQ�FDXVH�QHJDWLYH�HIIHFWV�RQ�LQVXOLQ�
VHQVLWLYLW\�LQ�LQGLYLGXDOV�ZLWK�SUH�H[LVWLQJ�LQVXOLQ�UHVLVWDQFH>�����@�
+RZHYHU��WKH�GLUHFW�HIIHFW�RI�QLFRWLQH�RQ�LQVXOLQ�UHVLVWDQFH�LV�QRW�VXSSRUWHG�LQ�VWXGLHV�ORRNLQJ�DW�WKH�

XVH�RI�VQXV��6QXV�LV�DQ�RUDO�WREDFFR�SURGXFW�WKDW�GHOLYHUV�VLJQLILFDQW�OHYHOV�RI�QLFRWLQH�ZLWKRXW�SURGXFLQJ�
DQ\� WR[LF� FRPEXVWLRQ� E\SURGXFWV>��@��6LQFH� WKH� ����V�� VQXV� FRQVXPSWLRQ� KDV� EHHQ� JURZLQJ� LQ�
SRSXODULW\�LQ�6ZHGHQ��JUDGXDOO\�UHSODFLQJ�FLJDUHWWH�VPRNLQJ>�����@�
:LWK�WKH�H[FHSWLRQ�RI�RQH�VWXG\��ZKLFK�KDV�PHWKRGRORJLFDO�LVVXHV�LQFOXGLQJ�D�IODZHG�FURVV�VHFWLRQDO�

GHVLJQ�DQG�WKH�ODFN�RI�DGMXVWPHQW�IRU�VPRNLQJ�KLVWRU\�LQ�VQXV�XVHUV>��@��WKHUH�LV�FOHDU�HYLGHQFH�WKDW�VQXV�
XVH�GRHV�QRW�SURGXFH�D�VLJQLILFDQW�ULVH� LQ�GLDEHWHV�ULVN>�����@��0RUHRYHU�� WKHUH�ZDV�QR�DVVRFLDWLRQ�
EHWZHHQ�VQXV�XVH�DQG�LQVXOLQ�OHYHOV�RU�JOXFRVH�WROHUDQFH�LQ�D�ODUJH�VWXG\�LQYROYLQJ������VXEMHFWV�DQG�
SULPDULO\�IRFXVHG�RQ�FDUGLRYDVFXODU�ULVN�IDFWRUV>��@��,QVLJQLILFDQW�UHODWLYH�ULVNV�IRU�7�'�ZHUH�UHSRUWHG�LQ�
D�PHWD�DQDO\VLV� IRU�QHYHU�VPRNLQJ�FXUUHQW�� IRUPHU�DQG�HYHU�VQXV�XVHUV>��@��,Q�DGGLWLRQ�� LPSDLUHG�
JOXFRVH�WROHUDQFH�DQG�UHODWHG�HQGSRLQWV�ZHUH�QRW�DVVRFLDWHG�LQ�DQ\�VLJQLILFDQW�ZD\�
,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�VPRNHUV�KDYH�JUHDWHU�ZDLVW�WR�KLS�FLUFXPIHUHQFH�UDWLRV>�����@��:DLVW�

WR�KLS�FLUFXPIHUHQFH�UDWLR�LV�RQH�RI�WKH�PRVW�SUDJPDWLF�FOLQLFDO�PHDVXUHV�RI�FHQWUDO�REHVLW\��2QH�RI�WKH�
PDMRU�FRQWULEXWLQJ�IDFWRUV�LQ�REHVLW\�UHODWHG�PHWDEROLF�FRPSOLFDWLRQV�LV�IDW�GLVWULEXWLRQ��7KH�YLVFHUDO�
DEGRPLQDO�GHSRW��DEGRPLQDO�REHVLW\��LV�OLQNHG�WR�PHWDEROLF�G\VIXQFWLRQ��FDUGLRYDVFXODU�GLVHDVH��LQVXOLQ�
UHVLVWDQFH��7�'���&RQYHUVHO\��ORZHU�ERG\�DGLSRVLW\��JOXWHRIHPRUDO�REHVLW\��LV�DVVRFLDWHG�ZLWK�LPSURYHG�
FDUGLRYDVFXODU�DQG�PHWDEROLF�SURILOHV>��@��7KH�DEGRPHQ�DGLSRVH�WLVVXH�LV�FKDUDFWHUL]HG�E\�WKH�UDSLG�
XSWDNH�RI�GLHW�GHULYHG�IDW�DQG�D�KLJK�OLSLG�WXUQRYHU�WKDW�LV�HDVLO\�VWLPXODWHG�E\�VWUHVV�KRUPRQHV>��@��
,QFUHDVHG�UHOHDVH�RI�IUHH�IDWW\�DFLGV�DQG�DEQRUPDOLWLHV�LQ�DGLSRNLQH�VHFUHWLRQ�REVHUYHG�LQ�SHRSOH�ZLWK�
DEGRPLQDO�REHVLW\�SURPRWH�LQVXOLQ�UHVLVWDQFH>��@�
&RPSDUHG�ZLWK�QRQVPRNHUV��VPRNHUV�DUH�FKDUDFWHUL]HG�E\�JUHDWHU�LQVXOLQ�UHVLVWDQFH�DQG�K\SHULQVX�

OLQHPLD>��@��+RZHYHU��OLWWOH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�WKH�LPSDFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�LQVXOLQ�
UHVLVWDQFH�DQG�LQVXOLQ�VHFUHWLRQ�
6PRNLQJ�FHVVDWLRQ�PD\�EH�DVVRFLDWHG�ZLWK�ZRUVHQLQJ�IDW�GLVWULEXWLRQ��,Q�D�SRSXODWLRQ�EDVHG�VWXG\�

�,QWHU���6WXG\��SHUIRUPHG�LQ�&RSHQKDJHQ��WKH�PHDQ�LQFUHDVH�LQ�ZDLVW�FLUFXPIHUHQFH�DIWHU�TXLWWLQJ�DW�WKH�
RQH�\HDU�IROORZ�XS�ZDV������FP������RI�WKH�TXLWWHUV�KDG�LQFUHDVHG�WKHLU�ZDLVW�FLUFXPIHUHQFH�E\�����FP���
4XLWWHUV�ZLWK�KLJK�EDVHOLQH�WREDFFR�FRQVXPSWLRQ�ZHUH�PRUH�OLNHO\�WR�KDYH�VXEVWDQWLDOO\�LQFUHDVHG�ZDLVW�
FLUFXPIHUHQFH��,Q�WKLV�VWXG\��DEVWLQHQFH�IURP�VPRNLQJ�ZDV�WKH�PRVW�LPSRUWDQW�SUHGLFWRU�RI�VXEVWDQWLDO�
ZHLJKW�JDLQ�DQG�D�VXEVWDQWLDO�LQFUHDVH�LQ�ZDLVW�FLUFXPIHUHQFH>��@��/LNHZLVH��D�VWXG\�ZLWK�WKH�XVH�RI�
FRPSXWHG�WRPRJUDSK\�VKRZHG�WKDW�ERWK�FXUUHQW�DQG�IRUPHU�VPRNLQJ�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�
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7DEOH���7KH�UHVXOWV�RI�VWXGLHV�HYDOXDWLQJ�WKH�HIIHFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�KHPRJORELQ�$�F�LQ�GLDEHWLF�SDWLHQWV

5HI� &RXQWU\�UHJLRQ 6WXG\�
SRSXODWLRQ 6WXG\�GHVLJQ (IIHFW�

'LQDUGR�HW�DO
>��@������

8QLWHG�6WDWHV 7�'��Q� ���� &URVV�VHFWLRQDO��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV�YV�IRUPHU�VPRNHUV�DQG�
QHYHU�VPRNHUV�

3RVLWLYH

%UDIIHWW�HW�DO>��@��
����

0XOWLFHQWHU��8QLWHG�6WDWHV�
DQG�&DQDGD�

7�'��Q� ����� 5HWURVSHFWLYH�DQDO\VLV�RI�WKH�SURVSHFWLYH�FRKRUW�VWXG\��FRPSDULVRQ�RI�
FXUUHQW�VPRNHUV�YV�IRUPHU�VPRNHUV�DQG�QHYHU�VPRNHUV

3RVLWLYH

/\FHWW�HW�DO>��@��
����

8QLWHG�.LQJGRP 7�'��Q� ������ 5HWURVSHFWLYH�FRKRUW�VWXG\��REVHUYDWLRQ�RI�+E$�F�LQ�WKUHH�JURXSV��
&RQWLQXDO�VPRNHUV��ORQJ�WHUP�TXLWWHUV��DQG�UHODSVHUV

1HJDWLYH

2KNXPD�HW�DO
>��@������

-DSDQ 7�'��Q� ����� &URVV�VHFWLRQDO�VWXG\��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV�DQG�IRUPHU�VPRNHUV�
YV�QHYHU�VPRNHUV

3RVLWLYH

6X�HW�DO>��@������ &KLQD 7�'��Q� ����� &URVV�VHFWLRQDO�VWXG\��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV��IRUPHU�VPRNHUV�DQG�
QHYHU�VPRNHUV

3RVLWLYH

/L�HW�DO>��@������ +RQJ�.RQJ�RI�&KLQD 7�'��Q� ���� $�UDQGRPL]HG�FRQWUROOHG�WULDO��FRPSDULVRQ�RI�OHYHO�RI�+E$�F�DQG�FKDQJHV�
IURP�EDVHOLQH�WR����PR�EHWZHHQ�TXLWWHUV�DQG�QRQ�TXLWWHUV

1HXWUDO

.DU�HW�DO>��@��
����

8QLWHG�6WDWHV��-DSDQ 7�'���7�'��Q� �
�����

0HWDQDO\VLV��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV�YV�TXLWWHUV 1HXWUDO�

9RXOJDUL�HW�DO
>��@������

*UHHFH 7�'��Q� ���� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�IRUPHU�VPRNHUV 3RVLWLYH

)HRGRURII�HW�DO
>��@������

)LQODQG 7�'��Q� ����� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�QRQ�VPRNHUV�DQG�IRUPHU�
VPRNHUV�YV�QRQ�VPRNHUV

3RVLWLYH�

5H\QROGV�HW�DO
>��@������

8QLWHG�6WDWHV 7�'��Q� ����� &URVV�VHFWLRQDO�DQDO\VLV�RI�SRSXODWLRQ�EDVHG�VWXG\��FRPSDULVRQ�RI�FXUUHQW�
VPRNHUV�YV�QRQ�VPRNHUV�DQG�IRUPHU�VPRNHUV�YV�QRQ�VPRNHUV

1HXWUDO

5H\QROGV�HW�DO
>��@������

8QLWHG�6WDWHV 7�'��Q� ���� &URVV�VHFWLRQDO�VWXG\��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV�YV�QRQ�VPRNHUV�DQG�
IRUPHU�VPRNHUV�YV�QRQ�VPRNHUV

1HXWUDO

7�'��7\SH���GLDEHWHV��7�'��7\SH���GLDEHWHV��+E$�F��+HPRJORELQ�$�F�

YLVFHUDO� DGLSRVH� WLVVXH>��@��,Q� D� SRSXODWLRQ�EDVHG� VWXG\�SHUIRUPHG� LQ�1RUZD\�� IRUPHU� VPRNHUV�
FRPSDUHG�ZLWK�FXUUHQW�VPRNHUV�KDG�D�ORZHU�ZDLVW�WR�KLS�UDWLR��DGGLWLRQDOO\�DPRQJ�ZRPHQ��ZDLVW�
FLUFXPIHUHQFH�ZDV�ORZHU�>��@�
+RZHYHU��VWXGLHV�DVVHVVLQJ�LQVXOLQ�UHVLVWDQFH�LQGLFDWRUV�LQ�TXLWWHUV�GR�QRW�KDYH�FRQVLVWHQW�UHVXOWV��

7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�KRPHRVWDVLV�PRGHO�DVVHVVPHQW�
HVWLPDWHG�LQVXOLQ�UHVLVWDQFH��+20$�,5��YDOXHV�DPRQJ�DV\PSWRPDWLF��.RUHDQ�PDOH�H[�VPRNHUV�ZLWKRXW�
GLDEHWHV>��@��,Q�FRQWUDVW��RWKHU�VWXGLHV� �DOVR� LQ� WKH�JURXSV�ZLWKRXW�GLDEHWHV��VKRZHG�WKDW�TXLWWLQJ�
VPRNLQJ�ZDV�DVVRFLDWHG�ZLWK�JUHDWHU�LQVXOLQ�UHVLVWDQFH�DV�PHDVXUHG�E\�4XLFNL�RU�+20$�,5>�����@�
7KH�REVHUYHG�GLVFRUGDQFH�DPRQJVW�WKH�LQVXOLQ�VHQVLWLYLW\�ILQGLQJV�LV�OLNHO\�WR�EH�GXH�WR�D�FKDQJH�LQ�

ERG\�ZHLJKW��$IWHU�VWRSSLQJ�VPRNLQJ��LQVXOLQ�VHQVLWLYLW\�LV�OLNHO\�WR�FKDQJH�EHFDXVH�RI�ZHLJKW�IOXFWX�
DWLRQV��,W�ZDV�VKRZQ�WKDW�WKH�+20$�,5�LQGH[�DIWHU�TXLWWLQJ�VLJQLILFDQWO\�LQFUHDVHV�LQ�ZHLJKW�JDLQHUV��
EXW�QRW� LQ�ZHLJKW�PDLQWDLQHUV>��@��,Q� WKH�VWXG\�E\�+HJJHQ� HW� DO>��@��QR�GLIIHUHQFHV�ZHUH� IRXQG� LQ�
+20$�,5�EHWZHHQ�TXLWWHUV�DQG�VPRNHUV�EXW�WKH�ILQGLQJV�PXVW�EH�LQWHUSUHWHG�ZLWKLQ�WKH�FRQWH[W�RI�
VLPLODU�PRGHVW�ERG\�ZHLJKW�FKDQJHV�LQ�TXLWWHUV�DQG�VPRNHUV�DW���PR�IROORZ�XS�
7KHVH�VWXGLHV�KDYH�PRVW�FRPPRQO\�LQFOXGHG�SHRSOH�ZLWKRXW�GLDEHWHV��7KH�RQO\�VWXG\�LQYHVWLJDWLQJ�

WKH�UHODWLRQVKLS�EHWZHHQ�LQVXOLQ�UHVLVWDQFH�DQG�VPRNLQJ�FHVVDWLRQ�DPRQJ�SDWLHQWV�ZLWK�GLDEHWHV�LV�WKDW�
RI�2KNXPD�HW�DO>��@��7KH�DXWKRUV�IRXQG�WKDW�VPRNLQJ�FHVVDWLRQ�KDV�D�WLPH�GHSHQGHQW�OLQN�ZLWK�LQVXOLQ�
UHVLVWDQFH�LQ�-DSDQHVH�SDWLHQWV�ZLWK�7�'��+20$�,5�OHYHOV�GHFUHDVHG�LQ�H[�VPRNHUV�RYHU�WLPH�UHODWLYH�WR�
FXUUHQW�VPRNHUV��+20$�,5�ZDV�DOVR�DVVHVVHG�LQ�WKH�SURVSHFWLYH�VWXG\��HYDOXDWLQJ�WKH�HIIHFW�RI�VPRNLQJ�
RQ� WKH� SURJUHVVLRQ� RI� PLFURDOEXPLQXULD� LQ� 7�'�� 6PRNLQJ� FHVVDWLRQ� ZDV� DVVRFLDWHG� ZLWK� WKH�
DPHOLRUDWLRQ�RI�LQVXOLQ�UHVLVWDQFH�SDUDPHWHUV�LQ�VSLWH�RI�WKH�VPDOO�EXW�VLJQLILFDQW�LQFUHDVH�LQ�ERG\�PDVV�
LQGH[��7KLV�REVHUYDWLRQ�PD\�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�PDQ\�TXLWWHUV�LQFUHDVHG�WKHLU�SK\VLFDO�DFWLYLW\
>��@�
$�VXPPDU\�RI�WKH�VWXGLHV�HYDOXDWLQJ�VPRNLQJ�FHVVDWLRQ
V�HIIHFW�RQ�+20$�,5�LV�VKRZQ�LQ�7DEOH���
7KH� VHDUFK� IRU� SXEOLFDWLRQV� RQ� TXLWWLQJ� DQG� LQVXOLQ� VHFUHWLRQ� LQ� SDWLHQWV�ZLWK� GLDEHWHV�ZDV�

XQSURGXFWLYH��,Q�WKH�SRSXODWLRQ�ZLWKRXW�GLDEHWHV��0RULPRWR�HW�DO>��@�IRXQG�WKDW�WKH�ULVN�RI�LPSDLUHG�
LQVXOLQ�VHFUHWLRQ�LQ�DQ�H[�VPRNHU�LV�VLPLODU�WR�WKDW�LQ�QHYHU�VPRNHUV��ZKHUH�WKH�ULVN�LV�DOPRVW�WZLFH�DV�
KLJK�LQ�FXUUHQW�VPRNHUV�ZKHQ�FRPSDUHG�ZLWK�QHYHU�VPRNHUV��ZLWK�WKH�PDJQLWXGH�RI�WKLV�LQFUHDVH�EHLQJ�
GRVH�GHSHQGHQW��L�H��LQFUHDVLQJ�ZLWK�D�QXPEHU�RI�SDFN�\HDUV���6WDGOHU�HW�DO>��@�VKRZHG�D�����LQFUHDVH�LQ�
EHWD�FHOO�VHFUHWLRQ��DV�PHDVXUHG�E\�LQVXOLQRJHQLF�LQGH[������DIWHU�!���PR�RI�QRW�VPRNLQJ�
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7DEOH���7KH�UHVXOWV�RI�VWXGLHV�HYDOXDWLQJ�WKH�HIIHFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�KRPHRVWDVLV�PRGHO�DVVHVVPHQW�HVWLPDWHG�LQVXOLQ�
UHVLVWDQFH�LQ�GLDEHWLF�SDWLHQWV

5HI� &RXQWU\� 6WXG\�SRSXODWLRQ 6WXG\�GHVLJQ (IIHFW�

2KNXPD�HW�DO>��@������ -DSDQ 7�'��Q� ����� &URVV�VHFWLRQDO�VWXG\��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV�DQG�IRUPHU�VPRNHUV�YV�
QHYHU�VPRNHUV

3RVLWLYH

9RXOJDUL�HW�DO>��@������ *UHHFH 7�'��Q� ���� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�IRUPHU�VPRNHUV 3RVLWLYH

7�'��7\SH���GLDEHWHV��7�'��7\SH���GLDEHWHV�

602.,1*�&(66$7,21�$1'�/,3,'6�$%1250$/,7,(6
3DWLHQWV�ZLWK�7�'�FKDUDFWHULVWLFDOO\�KDYH�DEQRUPDO�SODVPD� OLSLGV�SURILOHV�ZKLFK�DUH�PDUNHG�E\�
K\SHUWULJO\FHULGHPLD��UHGXFHG�+'/�FKROHVWHURO�OHYHOV��DQG�LQFUHDVHG�FRQFHQWUDWLRQ�RI�VPDOO�GHQVH�/'/��
7KHVH�DEQRUPDOLWLHV�DUH�D� UHVXOW�RI�D�PXOWLIDFWRULDO�SURFHVV�� LQFOXGLQJ�DEGRPLQDO�REHVLW\�� LQVXOLQ�
UHVLVWDQFH��LQFUHDVHG�IUHH�IDWW\�DFLG�IOX[��DQG�LQIODPPDWLRQ>��@��&LJDUHWWH�VPRNH�KDV�EHHQ�VKRZQ�WR�
LQFUHDVH�WKH�DWKHURJHQLF�QDWXUH�RI�WKH�OLSLG�SURILOH>��@��6PRNLQJ�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�WULJO\�
FHULGHV��7*���WRWDO�FKROHVWHURO��DQG�/'/��DV�ZHOO�DV�UHGXFHG�OHYHOV�RI�FDUGLRSURWHFWLYH�+'/>��@��,Q�D�
SURVSHFWLYH�VWXG\�RI�����\RXQJ�$VLDQ�DGXOWV��VPRNHUV�ZHUH�WKUHH�WLPHV�PRUH�OLNHO\�WR�KDYH�ORZ�+'/�
FKROHVWHURO� DQG�ZHUH� ���� WLPHV�PRUH� OLNHO\� WR�GHYHORS�K\SHUWULJO\FHULGHPLD>��@��7KHUH� LV� D� FOHDU�
DVVXPSWLRQ� LQ�KHDOWKFDUH�PHVVDJLQJ� WKDW� VWRSSLQJ� VPRNLQJ�PD\� FRUUHFW�G\VOLSLGHPLD��ZKLFK� LV�
HVSHFLDOO\�UHOHYDQW�LQ�VPRNHUV�ZLWK�GLDEHWHV��6WXGLHV��FRQGXFWHG�RQ�SDWLHQWV�ZLWKRXW�GLDEHWHV��LQGLFDWH�
WKDW�TXLWWLQJ�VPRNLQJ�LQFUHDVHV�+'/�OHYHOV>�����@��7KH�LQFUHDVH�LQ�+'/�KDV�IUHTXHQWO\�EHHQ�REVHUYHG�LQ�
VSLWH�RI�ZHLJKW�JDLQ�H[SHULHQFHG�DIWHU�FHVVDWLRQ�RI�VPRNLQJ>��@��(YLGHQFH�DOVR�LQGLFDWHV�WKDW�VPRNHUV�
PD\�KDYH�LPSURYHG�+'/�IXQFWLRQ��LQFUHDVHG�FKROHVWHURO�HIIOX[�FDSDFLW\�DQG�GHFUHDVHG�+'/�LQIODP�
PDWRU\�LQGH[��DIWHU�TXLWWLQJ�VPRNLQJ>��@�
'DWD�RQ�7*�OHYHOV�DUH�FRQIOLFWLQJ��6RPH�VWXGLHV�SHUIRUPHG�LQ�WKH�JURXS�ZLWKRXW�GLDEHWHV�VKRZHG�WKDW�

VPRNLQJ�FHVVDWLRQ�LV�DVVRFLDWHG�ZLWK�D�UHGXFWLRQ�RI�WKLV�OLSLG�IUDFWLRQ>��@��KRZHYHU��RWKHUV�VWXGLHV�KDYH�
IDLOHG�WR�FRQILUP�WKLV>��@�
'DWD�RQ�/'/�LV�DOVR�OLPLWHG��EXW�HYLGHQFH�VHHPV�WR�VXJJHVW�WKDW�VPRNLQJ�FHVVDWLRQ�GRHV�QRW�DIIHFW�

/'/�OHYHOV�RU�/'/�VL]H>�����@�
$� IHZ� VWXGLHV�KDYH� WHVWHG�GLDEHWLF�SDWLHQWV
� OLSLG�SURILOHV� DIWHU� TXLWWLQJ� VPRNLQJ��5HVXOWV� DUH�

LQFRQVLVWHQW�� ,Q�5H\QROGV�HW�DO>��@�������\RXWK�ZKR�KDG�7�'��Q� �������RU�7�'��Q� ������DQG�ZHUH�
VPRNHUV�ZHUH�H[DPLQHG�IRU�SUHYDOHQFH�RI�WREDFFR�XVH�DQG�WKH�FRH[LVWHQFH�RI�FDUGLRYDVFXODU�ULVN�IDFWRUV��
&RPSDUHG�WR�SDWLHQWV�ZKR�ZHUH�QRQ�VPRNHUV��SDVW�VPRNHUV�ZLWK�7�'�KDG�VLJQLILFDQWO\�KLJKHU�RGGV�RI�
KDYLQJ�KLJK�/'/�FKROHVWHURO� OHYHOV��DQG�WKRVH�ZKR�ZHUH�FXUUHQW�VPRNHUV�KDG�VLJQLILFDQWO\�KLJKHU�
FKDQFHV�RI�KDYLQJ�KLJK�7*�OHYHOV��3DWLHQWV�ZLWK�7�'�GLG�QRW�H[KLELW�WKHVH�UHODWLRQVKLSV��EXW�WKH�VPDOOHU�
QXPEHUV�RI�SDWLHQWV� LQFOXGHG�LQ�WKH�VWXG\�FRXOG�KDYH�LQIOXHQFHG�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�
UHVXOWV�
,Q�WKH�VWXG\�RI�/XTXH�5DPtUH]�HW�DO>��@�SDWLHQWV�ZLWK�7�'�ZKR�VPRNH�KDG�ORZHU�+'/�DQG�KLJKHU�7*�

OHYHOV�FRPSDUHG�WR�WKHLU�QRQVPRNLQJ�FRXQWHUSDUWV�
/LSLG�SDUDPHWHUV�ZHUH�H[DPLQHG�LQ�WZR�VWXGLHV�LQ�SDWLHQWV�ZLWK�GLDEHWLF�QHSKURSDWK\��$IWHU�VWRSSLQJ�

VPRNLQJ�IRU�DW�OHDVW���\HDU��SDWLHQWV�KDG�VLJQLILFDQWO\�ORZHU�WRWDO�FKROHVWHURO��/'/��DQG�+'/�OHYHOV�WKDQ�
WKRVH�ZKR�FRQWLQXHG�WR�VPRNH>��@��,Q�D�VLPLODU�VWXG\�RI�SDWLHQWV�ZLWK�7�'��WRWDO�FKROHVWHURO��7*��DQG�
/'/�OHYHOV�RI�FXUUHQW�DQG�IRUPHU�VPRNHUV�ZHUH�KLJKHU�WKDQ�WKRVH�RI�QRQ�VPRNHUV��ZKHUHDV�ORZHU�+'/�
OHYHOV�ZHUH�REVHUYHG�LQ�FXUUHQW�VPRNHUV>��@�
$�VXPPDU\�RI�WKH�VWXGLHV�HYDOXDWLQJ�VPRNLQJ�FHVVDWLRQ
V�HIIHFW�RQ�OLSLG�SDUDPHWHUV�LV�VKRZQ�LQ�

7DEOH���

602.,1*�&(66$7,21�$1'�%,2&+(0,&$/�3$5$0(7(56�2)�1(3+523$7+<
,W�LV�ZHOO�NQRZQ�WKDW�FKURQLF�NLGQH\�GLVHDVH��&.'��DQG�HQG�VWDJH�UHQDO�GLVHDVH��(65'��FDQ�FRPSOLFDWH�
GLDEHWHV�PHOOLWXV��'LDEHWLF�QHSKURSDWK\�LV�FKDUDFWHUL]HG�E\�SURWHLQXULD�DQG�RU�WKH�GHFOLQH�RI�UHQDO�
IXQFWLRQ�>H�J��UHGXFHG�JORPHUXODU�ILOWUDWLRQ�UDWH��*)5�@>��@��$VLGH�IURP�KLJK�EORRG�VXJDU�OHYHOV��RWKHU�
ULVN�IDFWRUV�WKDW�FRQWULEXWH�WR�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�GLDEHWLF�NLGQH\�GLVHDVH�LQFOXGH�KLJK�
EORRG�SUHVVXUH��G\VOLSLGHPLD��DQG�JHQHWLF�SUHGLVSRVLWLRQ>��@��6PRNLQJ�PD\�DOVR�EH�D�IDFWRU� LQ�WKH�
GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�NLGQH\�IDLOXUH�SRVVLEO\�WKURXJK�D�PHFKDQLVP�RI�SURJUHVVLYH�DUWHULRODU�
GDPDJH��LQFUHDVHG�UHQRYDVFXODU�UHVLVWDQFH��DQG�LQFUHDVHG�LQWUDJORPHUXODU�FDSLOODU\�SUHVVXUH>�����@��
:KLOH�PDQ\�VWXGLHV�KDYH�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�FLJDUHWWH�VPRNLQJ�DQG�NLGQH\�GLVHDVH�ZLWK�
FRQIOLFWLQJ�UHVXOWV��D�PHWD�DQDO\VLV�RI����SURVSHFWLYH�FRKRUW�VWXGLHV�ZLWK�������LQFLGHQW�FDVHV�RI�&.'�
VXJJHVWV�WKDW�VPRNLQJ�LV�DV�DQ�LQGHSHQGHQW�ULVN�IDFWRU�LQ�WKH�JHQHUDO�SRSXODWLRQ>��@�
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5HI� &RXQWU\� 6WXG\�
SRSXODWLRQ 6WXG\�GHVLJQ (IIHFW�

5H\QROGV�HW�DO>��@��
����

8QLWHG�
6WDWHV

7�'��Q� ����� &URVV�VHFWLRQDO�DQDO\VLV�RI�SRSXODWLRQ�EDVHG�VWXG\��FRPSDULVRQ�RI�
FXUUHQW�VPRNHUV�YV�QRQ�VPRNHUV�DQG�IRUPHU�VPRNHUV�YV�QRQ�VPRNHUV

/'/²QHJDWLYH��
+'/²QHXWUDO��7*²SRVLWLYH

5H\QROGV�HW�DO>��@��
�����

8QLWHG�
6WDWHV

7�'��Q� ���� &URVV�VHFWLRQDO�VWXG\��FRPSDULVRQ�RI�FXUUHQW�VPRNHUV�YV�QRQ�VPRNHUV�
DQG�IRUPHU�VPRNHUV�YV�QRQ�VPRNHUV

1HXWUDO

/XTXH�5DPtUH]�HW�
DO>��@�������

6SDLQ 7�'��Q� ���� &URVV�VHFWLRQDO��REVHUYDWLRQDO�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�IRUPHU�
VPRNHUV

/'/²QHXWUDO��
+'/²SRVLWLYH��7*²SRVLWLYH

9RXOJDUL�HW�DO>��@��
����

*UHHFH 7�'��Q� ���� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�IRUPHU�VPRNHUV /'/²SRVLWLYH��
+'/²SRVLWLYH��7*²SRVLWLYH

)HRGRURII�HW�DO>��@��
�����

)LQODQG 7�'��Q� ����� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�QRQ�VPRNHUV�DQG�IRUPHU�
VPRNHUV�YV�QRQ�VPRNHUV

/'/²QHXWUDO��
+'/²SRVLWLYH��7*²QHXWUDO

7�'��7\SH���GLDEHWHV��7�'��7\SH���GLDEHWHV��/'/��/RZ�GHQVLW\�OLSRSURWHLQ��+'/��+LJK�GHQVLW\�OLSRSURWHLQ��7*��7ULJO\FHULGHV�

7KHUH�LV�QR�FOHDU�LPSDFW�RI�VWRSSLQJ�VPRNLQJ�RQ�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�GLDEHWLF�QHSKURSDWK\��
7KH�HIIHFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�PLFURDOEXPLQXULD�ZDV�LQYHVWLJDWHG�E\�9RXOJDUL�HW�DO>��@�LQ�VXEMHFWV�
ZLWK�QHZO\�GLDJQRVHG�7�'�PHOOLWXV��:LWKLQ�D�\HDU�RI�VWRSSLQJ�VPRNLQJ��WKH�SUHYDOHQFH�RI�WKRVH�ZLWK�
PLFURDOEXPLQXULD�PDUNHGO\�GHFOLQHG�FRPSDUHG�WR�WKRVH�ZKR�FRQWLQXHG�VPRNLQJ��+RZHYHU��H*)5�ZDV�
FRPSDUDEOH�EHWZHHQ�WKH�WZR�VWXG\�JURXSV��6PRNHUV�ZKR�VWRSSHG�VPRNLQJ�KDG�D�ORZHU�PLFURDOEX�
PLQXULD� UDWH� LUUHVSHFWLYH� RI� WKH� HIIHFW� RI� GUXJ� WKHUDS\� �DQWLK\SHUWHQVLYH�� K\SROLSLGHPLF�� DQG�
DQWLGLDEHWLF��
,Q�D�VWXG\�RI������SDWLHQWV�ZLWK�7�'��2KNXPD�HW�DO>��@�LQYHVWLJDWHG�WKH�DVVRFLDWLRQ�RI�VPRNLQJ�DQG�LWV�

DEVWLQHQFH�ZLWK�SDUDPHWHUV�RI�&.'��,Q�FRPSDULVRQ�WR�QRQ�VPRNHUV��IRUPHU�DQG�FXUUHQW�VPRNHUV�KDG�
KLJKHU�XULQDU\�DOEXPLQ�FUHDWLQLQH�UDWLRV�� ,Q�WKH�IRUPHU�VPRNHUV�� WKLV�UDWLR�GHFUHDVHV�OLQHDUO\�ZLWK�
LQFUHDVLQJ�\HDUV�DIWHU�TXLWWLQJ�VPRNLQJ��)XUWKHUPRUH��FXUUHQW�VPRNHUV
�ULVN�LV�UHODWHG�WR�KRZ�PDQ\�
FLJDUHWWHV�SHU�GD\�WKH\�VPRNH��$IWHU�TXLWWLQJ�VPRNLQJ��DJH�DGMXVWHG�FUHDWLQLQH�EDVHG�*)5�GHFOLQHG�
FRPSDUHG�WR�WKH�QHYHU�VPRNHUV�EXW�LQFUHDVHG�LQ�SDUDOOHO�ZLWK�LQFUHDVLQJ�FLJDUHWWH�FRQVXPSWLRQ��7KH�
LQFUHDVHG�H*)5�RI�VPRNHUV�PD\�EH�UHODWHG�WR�JORPHUXODU�K\SHUILOWUDWLRQ�ZKLFK� LV� LPSOLFDWHG�DV�D�
PHFKDQLVP�IRU�WKH�SURJUHVVLRQ�RI�GLDEHWLF�QHSKURSDWK\>��@�
3URJUHVVLYH�NLGQH\�GDPDJH�FDQ�UHVXOW� IURP�JORPHUXODU�K\SHUILOWUDWLRQ�RYHU� WLPH��$FFRUGLQJ�WR�

2KNXPD
V�VWXG\��WKH�SURSRUWLRQ�RI�VPRNHUV�ZLWK�&.'�LQFUHDVHG�ZLWK�WKH�QXPEHU�RI�FLJDUHWWHV�WKH\�
VPRNHG�SHU�GD\��FRPSDUHG�ZLWK�QHYHU�VPRNHUV���+RZHYHU��DV�WKH�\HDUV�SDVVHG�VLQFH�TXLWWLQJ��WKH�
SURSRUWLRQ�RI�SDWLHQWV�ZLWK�&.'�GHFUHDVHG��7KHUH�ZDV�D�VLJQLILFDQW�LQFUHDVHG�+E$�F�OHYHO�IRU�FXUUHQW�
VPRNHUV�DQG�D�JUHDWHU�SURSRUWLRQ�RI�K\SHUWHQVLRQ�IRU�H[�VPRNHUV�FRPSDUHG�ZLWK�QHYHU�VPRNHUV�DQG�
FXUUHQW�VPRNHUV�ZLWK�UHVSHFW�WR�WKH�RWKHU�ULVN�IDFWRUV�IRU�QHSKURSDWK\�LQ�WKLV�VWXG\>��@�
8VLQJ�GDWD�IURP�WKH�)LQQLVK�'LDEHWLF�1HSKURSDWK\�6WXG\��ZKLFK�LQFOXGHG������7�'�SDWLHQWV��WKH����

\HDU�FXPXODWLYH� ULVN�RI�PLFURDOEXPLQXULD��PDFURDOEXPLQXULD��DQG�(65'�E\�VPRNLQJ�VWDWXV�ZDV�
FDOFXODWHG��&XUUHQW�DQG�IRUPHU�VPRNHUV�ZHUH�PRUH�OLNHO\�WR�KDYH�PLFUR��DQG�PDFUR�DOEXPLQXULD��(65'�
IRU�FXUUHQW�VPRNHUV�RQO\��WKDQ�QRQ�VPRNHUV��7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH����
\HDU�FXPXODWLYH�ULVN�RI�PLFURDOEXPLQXULD�DQG�PDFURDOEXPLQXULD�EHWZHHQ�IRUPHU�VPRNHUV�DQG�QHYHU�
VPRNHUV��7KHUH�ZHUH�VLJQLILFDQWO\�SRRUHU�JO\FHPLF�FRQWURO�DQG�OLSLG�SDUDPHWHUV�IRU�VPRNHUV�FRPSDUHG�
WR�QRQVPRNHUV��$GMXVWLQJ�IRU�+E$�F�DQG�OLSLG�YDULDEOHV��WKH�LQFUHDVHG�ULVN�RI�GLDEHWLF�QHSKURSDWK\�
SURJUHVVLRQ�DPRQJ�FXUUHQW�DQG�IRUPHU�VPRNHUV�ZDV�DWWHQXDWHG��6PRNLQJ�UHODWHG�FKDQJHV�LQ�OLSLGV�DQG�
JOXFRVH� FRQWURO�PD\� DFFRXQW� IRU� WKH�PDMRULW\� RI� QHSKURSDWKLF� FKDQJHV�GXH� WR�GLDEHWHV>��@��7KLV�
REVHUYDWLRQ�VXJJHVWV�WKDW�SRRU�JOXFRVH�FRQWURO�DQG�OLSLG�DOWHUDWLRQV�LQ�VPRNHUV�DUH�WKH�PDLQ�GULYHUV�RI�
QHSKURSDWKLF�FKDQJHV�LQ�GLDEHWHV�
$�VXPPDU\�RI�WKH�VWXGLHV�HYDOXDWLQJ�VPRNLQJ�FHVVDWLRQ
V�HIIHFW�RQ�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�

GLDEHWLF�QHSKURSDWK\�LV�VKRZQ�LQ�7DEOH���

&21&/86,21
,Q�DGGLWLRQ�WR�UHGXFLQJ�RYHUDOO�DQG�FDUGLRYDVFXODU�PRUWDOLW\��VWRSSLQJ�VPRNLQJ�PD\�SURYLGH�VLJQLILFDQW�
DGGLWLRQDO�KHDOWK�EHQHILWV�WR�SHRSOH�ZLWK�GLDEHWHV��,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�ZHLJKW�JDLQ�
H[SHULHQFHG�DIWHU�VWRSSLQJ�VPRNLQJ�PD\�DWWHQXDWH�VRPH�RI�WKHVH�KHDOWK�EHQHILWV>��@�
:KHQ�FRQVLGHULQJ�WKH�SRWHQWLDO�LPSDFW�RI�VWRSSLQJ�VPRNLQJ�RQ�PHWDEROLF�SDUDPHWHUV�LQ�SDWLHQWV�ZLWK�

GLDEHWHV��WKH�EHQHILWV�RI�FHVVDWLRQ�RI�VPRNLQJ�DUH�OHVV�FOHDU�EHFDXVH�WKH�H[SHFWHG�RXWFRPHV�KDYH�QRW�
EHHQ�FRQVLVWHQWO\�GHPRQVWUDWHG��6WXGLHV�KDYH�VKRZQ�ERWK�LPSURYHPHQWV�DQG�WHPSRUDU\�GHWHULRUDWLRQ�
LQ�JO\FHPLF�FRQWURO�DIWHU�TXLWWLQJ�VPRNLQJ��2QO\�D�IHZ�DYDLODEOH�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�HIIHFW�RI�
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7DEOH���7KH�UHVXOWV�RI�VWXGLHV�HYDOXDWLQJ�WKH�HIIHFW�RI�VPRNLQJ�FHVVDWLRQ�RQ�ELRFKHPLFDO�SDUDPHWHUV�RI�QHSKURSDWK\�LQ�GLDEHWLF�
SDWLHQWV

5HI� &RXQWU\� 6WXG\�
SRSXODWLRQ 6WXG\�GHVLJQ (IIHFW�

2KNXPD�HW�DO
>��@�������

-DSDQ 7�'��Q� ����� &URVV�VHFWLRQDO�VWXG\��FRPSDULVRQ�RI�VPRNHUV��IRUPHU�
VPRNHUV�DQG�QHYHU�VPRNHUV

8$&5²SRVLWLYH�ZLWK�LQFUHDVLQJ�\HDUV�
DIWHU�TXLWWLQJ

9RXOJDUL�HW�DO
>��@������

*UHHFH 7�'��Q� ���� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�IRUPHU�
VPRNHUV

0LFURDOEXPLQXULD²SRVLWLYH

)HRGRURII�HW�DO
>��@������

)LQODQG 7�'��Q� ����� 3URVSHFWLYH�VWXG\��FRPSDULVRQ�RI�VPRNHUV�YV�QRQ�
VPRNHUVDQG�IRUPHU�VPRNHUV�YV�QRQ�VPRNHUV

0LFUR��DQG�PDFURDOEXPLQXULD²SRVLWLYH
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